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Scoliosis is a serious deformity that can affect any parts of the spine. Among the 
various causes the most significant group is Adolescent Idiopathic Scoliosis (AIS) which 
typically affects the growing adolescent girls of ages from 10 to 16. Scoliosis deformity 
when not treated or improperly treated may progress and deteriorate leading to significant 
cosmetic problems and functional disabilities and in severe cases mortality due to 
cardiopulmonary failure. 
Current methods of treatment for AIS are unsatisfactory and have to involve long 
time bracing or major destructive surgery with many complications. It would be more 
effective if we can treat the cause of AIS which unfortunately is not yet clear. Our previous 
study had demonstrated generalized low bone mineral density (BMD) in AIS girls. The 
present study aims to address the questions on whether the low BMD is a generalised 
phenomena; the association of osteopenia with anthropometric measurements, biochemical 
markers of bone turnover and osteoporotic candidate genetic markers. 
This study included 74 AIS girls without any prior treatments with ages ranging 
from 12 to 14 and a total of 94 gender and aged-matched normal controls. Detailed 
anthropometric assessments, bone mineral density measurements by dual-energy X-ray 
absorptiometry (DEXA) and peripheral quantitative computed tomography (pQCT) and 
measurements of bone biochemical markers for bone turnover and study of polymorphism 
of osteoporotic genetic marker (estrogen receptor gene) were done for all subjects. 
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Comparing with the normal controls, the anthropometric measurements including 
arm span and lower extremity length were significantly longer in AIS girls of age group of 
13 years and 14. Both the areal and volumetric bone mineral density values were shown to 
be lower in AIS of age group of 13 and 14 years. In general, a phenomenon of generalized 
low BMD was demonstrated in AIS girls. Physiological bone turnover markers indicating 
the bone metabolism of AIS girls were significantly different from normal subjects. The 
bone resorption marker, deoxypyridinoline (Dpd), in AIS of age group 12 was 36% lower 
than the control group. The bone forming marker, bone-specific alkaline phosphatase 
(BALP), showed a delayed peak activity level at age 13 while the peak level of normal girls 
should be before 12 year old In AIS of age group 14, the BALP level was 40% higher than 
the control group. No associations between the polymorphism of estrogen receptor gene 
and AIS or BMD were found. This study provided the fundamental basis for fiirther 
investigations to explore the relationship between bone growth disturbance and systemic 
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Chapter 1 Introductim 
Introduction 
1. Introduction 
1.1. Adolescent Idiopathic Scoliosis 
Scoliosis is a three dimensional deformity of the spine. Adolescent idiopathic 
scoliosis (AIS) is the most common form of idiopathic scoliosis (IS) and generally regarded 
as a multifactorial disorder，typically affecting the growing adolescent girls of age 10 to 16 
(Willner,1984; Winter and Lonstein,1992; Cheng and Guo,1997). The associated pathology 
of AIS has been studied extensively in the past and found to be related mainly to extraneous 
changes, such as neuromuscular disorders, proprioceptive defects, abnormalities of 
connective tissue, asymmetric growth, or abnormal growth pattern (Willner, 1994). Trunk 
imbalance, scapula prominence, rib humps and shoulder imbalance are those characteristics 
observed in AIS. Scoliosis deformity when not treated or improperly treated may progress 
and deteriorate, leading to significant cosmetic problems and functional disabilities and in 
severe cases may cause mortality due to cardiopulmonary failure. 
1.1.1. Prevalence and geographic patterns of AIS 
The prevalence of at-risk population (from age 10 to age 16) acquiring AIS is 
approximately 2% to 3% (Brooks, 1980; Kane, 1977; Montgomery and Willner 1988). The 
overall prevalence of population acquiring this deformity decreases as curve magnitude 
increases. For the mild cases which curve is less than 10 degrees, the female and male 
prevalence is approximately the same. However, as the curves with larger magnitude the 




susceptible to this disease as the deformity of the spine increases its magnitude (Table 1-1) 
(Lonstein JE,1982: Lonstein and Carlson,1984; Willner and Uden,1982). 
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Table 1-1. Prevalence of AIS females and males at different severites. (adopted 
f r o m Willner (1994)) 
Cobb angle Female: Male Prevalence % 
^ m n 
>20° 5.4:1 0.3-0.5 
>30° 10:1 0.1-0.3 
>40° —— <0.1 
The prevalence of AIS in Hong Kong is no different from that of other parts of the 
world. Out of 52,000 adolescents screened by the student Health Service of the Department 
of Health in 1996 (HK, 1996), 2.7% of all adolescents were found to have AIS, out of 
which one-tenth will require treatment. 
1.1.2. Clinical aspects of AIS 
The diagnosis of idiopathic scoliosis is usually made by exclusion of other scolioses 
Causing by paralytic, neurological, congenital factors or any symptoms other than 
idiopathic, a curve is termed idiopathic scoliosis (James, 1976). 
The diagnosis of adolescent idiopathic scoliosis is geneally suspected by the 




variance in shoulder height, scapular prominences, chest prominences, or decompensation 
by a plumb line from C7 (James, 1976). The rotational asymmetries are best detected by the 
Adams forward bending test. The diagnosis can be also confirmed by the presence of a 
curvature of at least 10 degrees, measureed by the Cobb method on a standing upright 
radiograph of the spine (Lonstein, 1994). 
In the natural history of AIS, curve patterns must be taken into consideration. There 
are four main curve patterns: thoracic, lumbar, thoracolumbar, and double major ( 
Cruickshank, 1989) and catergorized according King pattern (1983) (Table 1-2). Each has 
its own particular characteristics and predicted course. Other less common curve patterns 
include the cervicothoracic, double thoracic, and thoracic thoracolumbar (Ponseti, 1950). 
It is general believed that the progression of AIS predominantly and primarily 
affects girls especially during rapid growth periods. Scoliosis is more likely to progress in 
girls than in boys during their growth spurt in a proportion of 3.6: 1 (Brooks, 1975; 
Brooks, 1980; Kane, 1970). 
Progression of the curve is also related to the curve patterns (Lonstein and Carlson, 
1984 ) and the child's growth potential. In general, the larger the magnitude of the curve, 
the greater the incidence of progression. It is also observed that a double curve is more 
likely to progress than a single curve. They reported that the incidence of progression in 
the different curve patterns was fairly equal for curves in the range of 5 to 29 degrees, 
except for the single lumbar and single thoracolumbar patterns (Lonstein and Carlson, 




Table 1-2. Curve patterns of thoracic curves (adopted from King, 1983) 
Type I 
• Double thoracic and lumbar curves 
• Thoracic and lumbar prominences 
• Both curves cross the midline 
• Lumbar curve may be larger than the thoracic curve 
• Both curves are structural, with nearly equal flexibility 
• True double major curve 
Type II 
• Thoracic and lumbar curves 
• Minimal lumbar curves 
• Both curves cross the midline 
• Lumbar curve is more flexible 
• False double major pattern 
Type III ‘ 
• Thoracic curve 
• Minimal or no decompensation 
• Lumbar curve does not cross the midline 
Type IV 
• Long thoracic curve 
• Marked decompensation 
• Curve reaches the midline at L4 which tilts into the curve 
Type V 
• Double thoracic curve 
• Positive tilt of T1, with prominent left neckline 
• High left and right thoracic prominences 




The younger the child, the greater the incidence of progression. As the same token, 
the incidence of progression decreases as girls reach menarche. In assessing the growth 
potential, maturity of skeletal growth can be measured by age (chronological or skeletal 
age), menarchal status, or Risser sign. 
Lonstein and Carlson (1984) evaluated the probability of progression based on 
Risser grade (Table 1-3). They found that risk of curve of progression decreases with 
increasing skeletal maturity. However, in spite of maturity factors, there may be a 
considerable risk of progression when it comes to the larger magnitude of curvature. 
Lonstein and Carlson (1984) found that incidence of progression of curves under 29 
degrees correlated well with growth and maturity. For curves of 20 to 29 degrees in an 
immature child, the incidence of progression was 68 percent. While for curves under 19 
degrees in a mature adolescent, the incidence of progression was as low as 1.6 percent. 
However, the prognosis is based on not only growth potential, but also curve magnitude. 
For a smaller curve (<19 degrees) in an immature child, and a larger curve (20 to 29 
degrees) in a mature child, the incidence of progression is approximately the same at 22 to 
23 percent. Complication of those variables is carefully evaluated for the prognostication 
and effectiveness of treatment for curve progression, these figures are used as the natural 
history of incidence of progression. 
Clinically, other factors such as gender difference and family history of scoliosis, 
have been suggested to be related to curve progression. It is well known that no 
predominant gender difference of prevalence of scoliosis is detected on school screening, 




(Figure from p.45 of scoliosis J.I.P James (Zorab) Rib hump, dropped shoulders and 
prominent iliac crest) (Lonstein, 1994). None of researches can answer why this interesting 
phenomenon exists in AIS. If the etiology is due to the neuromuscular disorder， 
proprioceptive defects or abnormalities of connective tissue, it seems unreasonable to 
explain that the phenomenon of female is prone to progression of this disease. 
Table 1-3. Incidence of progression of untreated adolescent Idiopathic 
scoliosis correlated with the curve magnitude and Risser Sign (adopted 
from Lonstein, 1984) 
Risser Sign Curve Magnitude 
<19 degrees 20-29 degree 
~ ‘ 22% 68% 
2-4 1.6% 23% 
Treatment of scoliosis can be divided into conservative and operative treatments. 
Observation is needed for AIS patients with little deterioration of curve. The currently 
available active therapies of AIS subjects are noninvasive orthotic spinal bracing and 
destructive medication: surgery. Appropriate bracing at the early stage is effective in 
certain proportion of cases in preventing the progression of the deformity during the rapid 




and until the skeletal maturity. For those who present with severe or progressive deformity 
they may need major surgical instrumentation and spinal fusion which will result in 
permanent lost of motion of the fused segment of the spine and many other associated 
complications such as pulmonary dysfunction, neurological complications, infections and 
surgical failures. However, the current treatments are not satisfactory with such 
disadvantages. The best treatment for AIS, which is based on the etiology and pathogenesis 
of this disease, would probably alter the natural history of AIS and the progression of the 
curve. 
1.1.3. Etiology of AIS 
Owing to the little knowledge of the pathogenesis of AIS, extensive research 
investigated the etiology of AIS aiming at changing the natural history of AIS. A great 
number of hypotheses have been proposed including hereditary factors, environmental 
factors, growth disturbances, connective tissue defect, neuromuscular factors, abnormal 
muscles etc. Up to now, none of these hypotheses has been convincing proven. 
As previous stated, the present study would focus on the most interesting period 
- 丨 
which is the fast growing phase in adolescents. During this critical period, some interesting 
findings were reported with regards to the growth spurt and bone acquisition in AIS. 
Pubertal status as well as other anthropometric parameters like body height will be 
evaluated. Bone mineral status altogether with bone turnover will also be investigated. The 




1.1.3.1. Growth spurt 
In the beginning of the 19th century, the development and progression of structural 
scoliosis related to the growth spurt has been identified. However, the growth is a result of 
the complex interactions of hereditary, hormonal, and environmental factors. However, it is 
common believed that the risk of progression is related primarily to growth potential curve 
factors. Assessment of growth potential is essential for prognostication regarding curve 
progression. The relationship of spinal growth to the pubertal development (Figure 1-2) 
must be evaluation in the skeletally immature patients (Trevor, 1980). 
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Figure 1-2. The relationship of spinal growth velocity to maturity landmarks and the 




The relationship between growth and scoliosis was extensively studied during the 
past few decades. Willner (1974) reported an increased standing height in girls with AIS. A 
significantly increased height was seen before the scoliosis was diagnosed. (Thomas and 
Dave, 1985) However, the difference in height ceased when the growth spurt ended. 
Nonetheless, Drummond and Rogala (1980) as well as Taylor and Slinger (1980) reported 
no difference in height between AIS patients and nonscoliotic controls. However, the 
uncorrected height was recorded in those studies. 
In AIS, skeletal maturation before the age of 13 was reported by Nordwall and 
Willner (1975). This may indicate accelerated growth in the prepubertal growth period, 
resulting in a difference in the skeletal maturity and an abnormal growth pattern in girls 
with AIS compared to normal controls. In the contrary, retarded skeletal maturation was 
noted in scoliotic girls during puberty. 
In a Swedish study (Hagglund, 1992), girls with AIS had their menarche at 12.8±0.7 
years of age, 0.4 years earlier than the normal controls. The finding was supported by Low 
(1978) who also found an earlier onset of puberty. Some investigators showed that AIS 
girls were taller than control but with lower growth rate during age 13-15 years and the 
peak growth rate during 8-9 years. In contrast, Drummond (1979) reported late onset of 





Anthropometric studies have been made among difference populations: 
northwestern European (Willner, 1974)，Yugoslavaian (Buric, 1982) and Israeli (Shohat, 
1988). In all these different populations, Scoliotic patients were found to be taller than non-
scoliotic controls. The proportion of trunk length to leg length has been studied in patients 
with AIS and compared to non-scoliotic healthy controls (Buric, 1982; Nicolopoulos, 
1985). No difference in the proportion of legs to trunk (corrected height) or in weight was 
seen (Buric, 1982; Willner, 1975). Willner (1975), however, noted that because of the 
increased standing height in patients with AIS, the weight per cm was less than in control, 
showing that the scoliotic cases were leaner. The importance of tall stature in the 
development of AIS was emphasized by Skogland et al (1985). In a prospective study of 62 
girls with excessively tall stature, an increased incidence of scoliosis (>10 degrees ) was 
seen; 21% ( 13 out of 62 cases ) has structural scoliosis compared with approximately 3% 
of the normal population. 
Whether growth spurt is one of the causative primary factor or the secondary factor 
influencing the pathogenesis of the AIS, it is still controversial. Is the growth pattern 
different from the normal control in Chinese AIS? Are there any differences in 
anthropometric parameters such as body weight, body height, arm span and lower extremity 
in Chinese AIS? 
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1.1.3.2. Bone mass 
Figure 1-3 is a diagrammatic representation illustrating total body bone mass 
changes with age (Birdwood, 1996). Bone mass reaches a maximum about 10 years after 
linear growth stops, probably begins to decrease somewhere in the fourth decade, and 
declines to half its maximum value by the age of 80. The initial development of bone is a 
crucial phase, usually considered only in terms of growth in height. The strength of bone 
that grows normally is seldom questioned. Peak bone mass is reached in the 30s. After that, 
an accelerated phase of bone loss occurs for about 10 years after the menopause that may 
result in the osteoporosis in the later life (Birdwood, 1996). In adolescence, the strength of 
bone whether grows normally is seldom questioned. 
The bone of the adult skeleton consists of cortical bone and trabecular bone. The 
proportions of cortical and trabecular bone differ at the different sites. In the lumbar spine, 
trabecular bone comprises more than 66% of the total bone. In the intertrochanteric area of 
the femur, bone is comprised of 50% cortical and 50% trabecular. In the neck of the femur, 
the bone is 75% cortical and 25% cancellous. In contrast, in the midradius more than 95% 
of the bone is cortical bone. The differences are most likely to reside in the different 
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Figure 1-3. Changes in bone mass with age. The peak bone mass is 
attained in early adulthood but then steadily declines in both men and 
women. Rapid loss of bone mass during late stage may be due to 
adverse factors. (Birdwood, 1996 ) 
13 
Introduction 
1.1.3.3. Bone mineral density (BMD) 
Bone mineral density can be evaluated quantitatively by dual energy X-ray 
absorptiometry (DEXA) as well as peripheral quantitative computed tomography (pQCT) 
which are well-established and applicable in our research laboratory. 
DEXA is using a low dose X-ray tube instead of radionucleic source which is 
widely used for single photon absorptiometry (SPA) and dual photon absorptiometry 
(DPA) over last two decades (Bonnick SL, 1998). The plenary bone densitometers like 
DEXA is widely used with advantages of low radiation side effect, but better resolution 
image. Nowadays, DEXA technique is widely used for assessing the efficacy of 
therapeuatic interventions in different diseases with regards to bone mass acquistion such as 
osteoporosis. DEXA would provide areal BMD quantitatively in g/cm^ where the two 
weight-bearing sites including lumbar spine and bilateral femur were assessed. For 
proximal femur, it consists of femur neck, greater trochanter and war'd triangle. Among 
these regions, ward's triangle is believed to be more sensitive to the loss of trabecular bone. 
PQCT measures volumetric BMD irrespective of whether bone is placed 
perpendicularly to the scanner. This technique overcomes the disadvantage of the two-
dimensional evaluation of BMD using DEXA. pQCT provides more precise information on 
assessing bone mineral status. Moreover, pQCT techniques are superior to DEXA 
techniques as trabecular and cortical bone are separated evaluated. The measured regions 




Association of osteopenia with IS was first reported by Burner and co-workers 
(1982) in 1982 using Singh index. They evaluated the femoral trabecular pattern on the 
radiographs and concluded that children with IS had relative osteoporosis when compared 
with healthy controls of similar ages. Later, plenary bone densitometers like DEXA 
techniques, which are developed for osteoporosis studies, have been applied to quantify 
BMD in IS patients. Cook (1987) and our group (Cheng and Guo, 1997) demonstrated low 
bone mineral statues in IS patients in trabecular rich proximal femur and lumbar spine 
measured with DEXA. Our recent study found over 58.7% of AIS patients had low areal 
BMD of over 1 SD and out of which 18.7% were more than 2 SD compared with age, sex 
and maturity matched normal controls. It is likely that the significantly lower peak bone 
mass found in AIS patients may persist and manifest with complications of osteoporosis in 
adult life. A few other studies reported significant correlation of osteoporosis with scoliosis 
in adults over 50 years of age (Vanderpool, 1969). They reported scoliosis in 6% of persons 
over 50 years, and 36% more in those with osteoporosis. Velis (1989) carried out a study on 
35 adults with high morbidity adult scoliosis associated with hyperkyphosis had 
demonstrated an accelerated progression of the curve in the perimenopausal and 
postmenopausal age groups. 
The previously reported low bone mineral statues in AIS patients were determined 
either with radiographs or plenary bone densitometers like SPA or DEXA. These 
techniques measure the projectional or areal BMD (aBMD) in gm/cm^ and their values are 
a function of three skeletal parameters including the bone size, volume, and its mineral 
density. In children, the aBMD values reflect bone mass or bone growth rather then the 
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bone quality and show a linear increase with age accumulating up to an age of 15-18 years， 
with some acceleration during puberty (Carter. 1992，Faulkner. 1996，Mora and Gilsanz 
1998). Since DEXA projects the three-dimensional bone structure into a two dimensional 
imaging, the measured BMD in the spine is thus likely to be affected by any curvature or 
axial rotation of the vertebrae, such as in IS subjects (Deacon, 1984; Sevastik, 1984; Cheng 
,1999) . QCT measures the cortical and metabolically more active trabecular BMD 
separately and is the only technique not affected by skeletal growth and can reflects the 
actual changes in volumetric BMD and bone size. Therefore, the vBMD measured with 
QCT is not affected by axial rotation of the spine or long bone (Ruegsegger ,1996; 
Guglielmi, 1998; Schneider and Reiners, 1998). 
Since both osteopenia and scoliosis in growing adolescents are likely to be 
associated with disturbance of bone modeling or formation. However, up to now there are 
no studies available to show whether the generalized aBMD in AIS patients as reported 
previously is also associated with low vBMD. 
1.1.3.4.Bone turnover 
Systemic low BMD was reported in AIS subjects. Some investigators even 
indicated that the phenomenon of low bone mineral status was persistently existed in some 
follow-up studies (Cheng, 1999; Velis, 1988). To my knowledge, no literatures tried to look 
at the physiological change of bone remodeling with respect to the low bone mineral status 
in AIS. In this present study, bone turnover, which is a coupling processes consisting of 
bone formation and bone resorption, will be investigated. 
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The process of bone remodeling is the key phenomenon in bone cell biology. 
Understanding mechanisms controlling the remodeling process and its regulation will 
clarify local control of osteoclast and osteoblast functions. The adult skeleton is in a 
dynamic state, being continually broken down and reformed by the coordinated actions of 
osteoclasts and osteoblasts on trabecular surfaces and in Haversian systems. This turnover 
of bone occurs in focal and discrete packets throughout the skeleton (Mundy，1999). 
Osteoclast activation is the initial step in the remodeling sequence. Osteoclasts are 
activated in specific focal sites. The activation of the osteoclast may occur because of 
interactions taking place between integral membrane proteins on osteoclast cell 
membranes. The resorptive phase of the remodeling process is followed by repair team 
called osteoblasts which are attracted to the site of the resorption defect and then 
presumably proceed to make new bone. Bone is constantly being remodeled at discrete 
locations in the skeleton. Bone mass remains constant when both bone resorption and 
formation processes are balanced and in equilibrium, if the “coupling processes” is no 
longer balanced，there may have bone growth disturbance, finally resulting in abnormal 
bone disease (Mundy, 1999). 
To monitor the bone metabolism during medication of bone related diseases, an 
ideal marker of bone turnover which would be bone-specific, and that can reflect either 
resorption or formation statues, and that correlates well with the appropriate direct 
measurements of bone turnover. Biochemical markers of bone turnover fall into two 
catergories: formation and resorption markers which reflect osteoblast and osteoclast 
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activities respectively. From our previous findings, the generalized low bone mineral status 
of AIS with age-matched control was reported. Does that mean the imbalance phenomenon 
of bone remodeling occurs in AIS subjects? 
1.1.3.4.1. Bone-specific alkaline phosphatase 
Alkaline phosphatases (ALP) are glycoproteins with different isoforms present 
which are coded by tissue non-specific gene. In human serum, liver, kidney and bone 
alkaline phosphatases were already identified. The difference between these isoforms is the 
post-translational glycosylation, The most abundant isoforms of ALP found in serum from 
normal adults are bone and liver in fairly equal amounts, both bone and liver alkaline 
phosphatase isoenzymes account each for about 50% of the total enzyme activity. The liver 
and bone isoforms differ from each other on the basis of eletrophoretic mobiltiy, heat and 
urea inactivation and affinity to interact with lectin (Onica, 1986). 
In the past, serum total alkaline phosphatase activity was usually used to monitor 
the bone turnover during drug therapy for bone diseases. The measurement is based on 
enzymatic hydrolysis of p-nitrophenyl phosphate (pNpp). Serum total alkaline phosphatase 
activity is commonly used as marker for monitoring bone formation during drug treatments 
but lack of specificity would lead to inappropriate diagnosis especially when the liver 
disease would raise the quantity of liver isoform. 
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Rosalki and Foo (1984) developed a method of estimating bone-speific alkaline 
phosphatase (bALP) by means of preferential precipitation by wheat germ lectin (WGL). 
WGL is a carbohydrate-binding protein which selectively binds to the N-acetylglucosamine 
residues on the bone isoform of alkaline phosphatase. Serum samples are incubated with 
WGL, and the alkalline phosphatase activity measured in the precipitate (bone isoform) and 
supernatant (liver isoform). In subsequent modifications of this method (Sorensen, 1988)， 
total alkaline phosphatase activity and the alkaline phosphatase activity in the supernatant 
(liver isoform) are measured and the bone alkaline phosphatase activity calculated, 
indirectly. In fact, after the modification, the wheat germ lectin precipitation method is a 
rapid and technically simple feasible method with high specificity of reflecting bone 
formation status. 
The rate of bone growth increases dramatically during puberty (Grimston, 1992). 
Some investigators found that biochemical markers of bone formation such as serum 
osteocalcin and alkaline phosphatase increase in association with growth spurt (Round, 
1979; Krabbe, 1984). These markers decline in late puberty in association with slowing of 
linear bone growth and epiphyseal maturation. Some investigators demonstrated that peak 
growth velocity in girls occurred between 11 and 12 years, and alkaline phosphatase 
activity reached mean peak values at the age of 11 years in girls and the age of 13 years in 
boys, however, its activity rapidly decreased towards adult levels (Widhalm and Holzl, 
1985; Krabbe, 1980; Himes, 1993). 
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1.1.3.4.2. Urinary deoxypyridinoline 
Pyridinoline (Pyr) and deoxypyridinoline (Dpd) called respectively, 
hydroxylysylpyridinoline (HP) and lysylpyridinoline (LP), are two non-reducible 
pyridimium crosslinks present in the mature form of collagen (Fujimoto, 1978) This 
posttranslational covalent crosslinks generated from lysine and hydroxylysine residues is 
unique to collagen and elastin molecules. It creates interchain bonds whick stabilize the 
molecules within the excellular matrix. The concentrations of Pyr and Dpd in connective 
tissues are very low and vary differently with tissue type (Eyre, 1987). The higest 
concentration of Pyr is found in articular cartilage, however, minute amount of Dpd is 
detected in this tissue type. (Beardsworth, 1990; Eyre, 1984) Pyr and Dpd are present 
mainly in tendon and arota but are absent from the skin, an abimbant source of type I 
collagen (Eyre, 1988). Pyr and Dpd are released from bone matrix during degradation of 
collagen by the osteoclasts. Pyr and Dpd are excreted finally exreted in the urine in free 
form (about 40%) and in peptide bound form (60%) where total amount can be measured 
by fluorimetry after reversed phase high-performance liquid chromotography 
(HPLC)(Black, 1988; Eyre, 1984). Dpd is neither metabolized in the liver, nor influenced 
by diet because they are not absorbed in the intestine. Therefore, urinary level of Dpd is 
specific for the degradation of mature type I collagen, regarding as promising urinary 
marker for bone resorption. 
Total urinary Pyr and Dpd are markedly higher in children than in adults 
(Beardsworth, 1990) In one study, the levels of Pyr and Dpd were 2.5-5 times higher in 
infants (0.5- 1 year) than in children (5-10 years) and 15-20 times higher than in adults (26-
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65 years). After the age of 17 years, both Pyr and Dpd parmaters remained at low levels 
(Acil, 1996). Also, some investigators showed urinary Pyr and Dpd were 3-5 times higher 
in childhood than in adulthood. Highest values were observed in young children and mostly 
during pubertal growth spurt. These bone resorption markers were found to be closely 
related to growth velocity (Rauch, 1995). As high amount during childhood reflects an 
increase in bone resorption as a part of the high bone turnover associated with the rapid 
growth phase. 
Total Dpd concentration is determined in hydroyzed urine by HPLC, which is a 
complicated and time-consuming procedure. The result although reflects the total 
concentration of cross-links (i.e. both the free and the peptide-bound fractions), intensive 
labor will be demanding. Owing to the complicated HPLC procedure involved in the 
determination of total Dpd, much effort has been invested in the development of 
immunoassays for detecting Dpd that also reflects bone resorption. In one study, the daily 
excretion of immunogenic Dpd was highly significantly correlated with the growth velocity 
of subjects aged 4-18 years (Ranch, 1996). Clinically friendly ELISA provides 
investigators or clinicians a more convenient and simple way to measure amount of Dpd so 
as to monitor the bone resorption in some bone diseases. 
Urinary total Dpd includes two forms of Dpd (i.e., the peptide-bound and the free 
forms of fractions) In our study, enzyme linked immunosorbent assay (ELISA), which is 
simple and effective technique, will be employed for detection of free-form Dpd. The 
standaiized urinary free Dpd by creatinine yields a high sensitivity and specificity, 




It is noted that AIS often occurs in members of the same family. Garland (1934) 
reported that scoliosis was passed down through five generations in a family in a dominant 
fashion. Some studies investigated twins who have both scolioses (Fisher and 
Degorge，1967) Carr (1990) reported a study investigating six twin pairs; three pairs were 
monozygous and three dizygous. All twins who were monozygous had AIS; only one pair 
who was dizygous had AIS. Faber conducted extensive studies on the inheritance of 
scoliosis (Faber, 1936), one of which six hundred sixty index patients were examined. He 
postulated that AIS was a dominant inheritance by saying that 7% of affected siblings of 
scoliosis patients and 14% affected parents were found. Wynne-Davies (1968) proposed 
that the genetic factors were of dominant or multiple gene inheritance. The incidence of 
familial IS was reported that 7% of first-degree relatives (parents, siblings, and children), 
3.70/0 of second-degree relatives, and 1.6% of third degree relatives of scoliosis patients. 
Filho and Thompson (1971) reported similar findings. In 1973，Boston study author noted 
that the higher incidence rate at first degree, but a marked drop in second- and third degree 
in agreement with the Scottish study of Wynne-Davies. (1968) Czeizel (1978) suggested 
that phenonomen is a "multifactorial threshold etiological model" as the mode of 
inheritance. 
Cowell reported (1972) a large number of familial cases with scoliosis. Cowell 
(1972) and others postulated that since no father-to-son transmission was seen (Filho and 
Thomspon, 1971), there was an X-linked dominant inheritance with varying penetrance. 
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Robin and Cohen (1975), however, excluded the sex linkage inheritance as he found there 
was father-to-son inheritance. They assumed that the pattern of inheritance was of 
th 
polygenic mode, with autosomal dominant trait with partial penetrance In the 10 
International Philip Zorab Symposium, the etiology or pathogenesis of adolescent 
idiopathic scoliosis were discussed extensively. But till now, no definite and convincing 
evidences regarding the etiology and pathogenesis of AIS was found • 
As from our previous finding of low BMD in AIS, would that phenomenon of low 
BMD be associated with the etiology of AIS? To look at this，we would like to examine the 
osteoporosis-related genetic marker, which would be the underlying pathogenesis of AIS 
with low BMD status. There are several candidate genes considered as the osteoporosis 
genetic marker such as vitamin D receptor gene (VDR) and estrogen receptor gene. Some 
researches found that low BMD was associated with the genotypes of VDR. Some 
investigators reported there was no association between polymorphism of VDR gene and 
BMD in different races particularly postmenopausal Japanese women (Ongphiphadhanakul, 
1998). In contrast, Kobayashi (1996) reported that the polymorphisms of the estrogen 
receptor (ER) gene was associated with low BMD in postmenopausal healthy women in 
Japan. Based on the gender difference predisposed to AIS, we would like to address the 
question of why female is predominant to AIS. Low BMD and abnormal growth in AIS 
arouse us to study autosomal dominant osteoporosis related genetic marker (ER gene). 
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1.2. Objectives of this study 
The main objectives are to investigate the difference in bone mineral density, bone 
turnover and osteoporosis genetic marker in AIS vs normal age, sex and maturity matched 
controls. These objectives will be achieved by conducting following investigations in 
adolescents with idiopathic scoliosis. 
1) Quantitative evaluation of BMD using DEXA and pQCT. 
2) Evaluation of anthropometric parameters. 
3) Investigation of bone turnover by measuring biochemical markers of bone formation and 
bone resorption. 
4) Analysis of osteoporosis genetic marker. 
All these evaluations will be compared with age, sex and race matched normal 
control subjects. 
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2. Subjects and methods 
2.1. Study design 
The study has followed a cross-sectional case-control design. The study population 
of this cross-sectional case-control study consisted of 75 new cases of Chinese girls with 
age of age 11.5 to 14.49 and 94 healthy non-scoliotic，race- and age-matched female 
control subjects. 
2.2. Subjects Recruitment 
2.2.1. AIS subjects 
A total of 75 female patients with AIS were randomly recruited into the study at the 
time of their first presentation to the Scoliosis Clinic, Prince of Wales Hospital during 
November, 1997 to April 1999. At the first admission, a diagnosis of AIS was confirmed 
by clinical and radiological examination so as to rule out other causes of scoliosis and to 
ascertain that by definition they were AIS. The conditions excluded were scoliosis of 
congenital, neuromuscular, metabolic etiology and others with skeletal dysplasia and 
known endocrinal and connective tissue abnormalities. Patients who had received any prior 
treatment of the scoliosis were also excluded from the study. 
2.2.2. Control subjects 
Ninety-four race-, age- and sex-matched controls were recruited randomly from 
school campaign raised by our research team with full cooperation of Parents and Teacher 
Association. Normal controls were invited to participate in the study after ruling out 
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persons who have any forms of spinal deformities, growth disturbances, neuromuscular, 
endocrinological or neurological defects. 
2.2.3. Grouping according to the chronological age 
All subjects were divided into three groups according to their chronological age 
defined 11.50-12.49 as age group of 12 years, 12.50-13.49 as age group of 13 years and 
13.50-14.49 as age group of 14 years. 
2.2.4. Informed Consent 
Consents (Appendix 2-1) were obtained from both parents and the subjects before 
any examinations and measurements including collection of urine and blood samples and 
bone density measurements using DEXA and pQCT. 
2.2.5. Evaluation of Cobb's angle 
Spinal anterior posterior radiograph taken at their first admission to the clinic used 
to evaluate Cobb's angle using standard assessment. In addition to the criteria mentioned 
above of AIS, Cobb's angle more than 10�was then regarded as AIS (Kane, 1977). The 
largest degree of angles was recorded if more than one major curves was found in a patient. 
2.3. Anthropometric assessments 
Body weight, body height, sitting height and arm span were measured using 
standard technique. Body weight of subjects without wearing shoes was measured by 
electronic balance to the nearest 0.1kg. Measurement of stature of subjects was taken 
without shoes, subject standing with one's heels and back in contact with an upright wall. 
Her head was held so that she looked straight forward in the horizontal plane as the external 
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auditory meati (i.e. Frankfurt plane). Measurement of body height was assessed when 
subject was told to fully stretch her stature, BH was recorded to the nearest 0.1cm. Sitting 
height was measured on a sitting height table, the subject was positioned so that the head 
was in the Frankfurt plane, the back straight, the upper surface of the thighs horizontal. 
Sitting height was recorded to the nearest 0.1cm. Arm span was recorded with her back and 
her heels in contact with upright wall. Arms were fully stretched in the horizontal level 
when measured. Arm span was recorded to the nearest 0.1cm. Breast development and 
pubic hair development were evaluated using the Tanner Maturity Scales (1975) illustrated 
in Table 2-1. Self-reported onset of menarche, which was reconfirmed by their parents, was 
recorded. Body mass index (BMI) was calculated as body weight divided by height squared 
(kg/cm^) and lower extremity was calculated as standing height minus sitting height. 
Table2-1. The evaluation of breast and pubic hair developments using Tanner Maturity 
Scales (adopted from Tanner JM, 1975) 
Breast stage Pubic Hair Stages 
stage 1. Preadolescent; elevation of papilla only Stage 1. Preadolescent; no pubic hair 
Stage 2. Breast bud stage; elevation of breast and Stage 2. Slight growth of long, slightly pigmented, 
papilla as a small mound, enlargement of areola downy hair, appearing chiefly along the labia 
diameter 
Stage 3. Further enlargement of breast and Stage 3. Darker, coarser hair that is more curled and 
areola, with no separation spread sparsely over the junction of the pubes 
Stage 4. Projection of areola and papilla to form Stage 4. Hair is adult in type with no spread to 
a secondary mound above the level of the breast medical surface of the thigh 
Stage 5. Mature stage; projection of papilla only, Stage 5. Adult in quantity and quality with no inverse 
due to recession of the areola to the general triangle distribution and spread to the medial thighs 
contour of the breast 
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2.4. BMD measurements 
2.4.1. Measured by DEXA 
BMD at lumbar spine (L2-4) and bilateral proximal femur were measured by using 
DEXA (XR-26 Mark II, Norland, USA). The proximal femur was further subdivided into 
three different regions including femur neck, greater trochanter and Ward's triangle. 
Calibration of DEXA machine was obtained by quality control scans performed 
daily on a manufacture-supplied anthropometric spine phantom composed of four 
simulated lumbar vertebrae, each with a known amount of calcium hydroxyapatite 
embedded in a cubical epoxy block. 
Measurement of BMD of bilateral proximal femur was performed for all 
participants using DEXA. Mild internal rotating the femur was necessary to ensure the 
anterior posterior scanning. Pre-scanning was performed so as to mark the middle of the 
femur neck. Scanning were include the femur neck, the greater trochanter until it reached 
the lesser trochanter. BMD of femur neck, the greater trochanter and Ward's triangle were 
recorded. 
For normal control group, bone mineral density of lumbar spine 2-4 was assessed 
using DEXA with standard technique. For AIS patients, the presence of the scoliotic 
curvature may result in difficulties in measuring the BMD reliably. The curvature and 
rotation of the spine may alter the area of measurement in the lumbar spine from an 
anteroposterior scan and thus may affect BMD result in this area. In order to solve this 
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problem, each of the spine was pre-scanned once, a reference line was drawn to join the 
highest points of the iliac crests which usually passes between the third and fourth lumbar 
spinal processes. On that reference line a rectangle was erected to include the lumbar spine 
2-4, and this was defined as the scan area (Figure 2-1). Inside the scan area, the computer 
will calculate the bone mineral density and bone mineral content. Modification of the 
scanned L2-4 may be necessary to exclude unnecessary bone. 
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Figure 2-1. Illustration of how distored L2-4 is scanned. Somehow unnecessary bone 
included in the box is excluded first before calculating bone density within the box. 
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2.4.2. measured by pQCT 
Distal radius of non-dominant side and bilateral distal tibia were measured using of 
a highly accurate and multislice pQCT (Densiscan 2000, Scanco Medical, Switzerland) 
with an effective X-ray energy of 40KeV. 
Non-dominant forearm was positioned in a selected radiolucent cast anatomically 
suitable for the subject for pQCT measurement. After displaying an anterior- posterior 
projectional scout-view, a reference line was set vertically to the long axis of the forearm 
and fixed on the middle point of the endplate of the distal radius. Four slices program was 
used with slice thickness of 1 mm each. The first distal slice was scanned at 4% from the 
reference line (4% of the ulna length proximal part of the radial fades articularis carpi). 
The rest three slices were scanned in an interval of 5 mm towards the methaphysis (Figure 
2-2). The average volumetric BMD of the trabecular bone in a core volume (tBMD) 
(central 50% of the total bone area) and integral BMD (iBMD) of cortical were measured 
and for data evaluation. 
Bilateral distal tibia was positioned in a good-fitted radiolucent cast for the 
measurement. A reference line was drawn from the middle point of the endplate of the 
distal tibia in the anterior-posterior projectional scout-view. Four slices program was used 
as in non-dominant hand measurement. 
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Figure 2-2. Four-slice program is used to scan distal radius and distal tibiae. 
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2.5. Bone formation marker : bALP 
WGL binding assay for serum ALP measurement was first described by Rosalki 
and Foo(1984). In this study, ALP activity in serum was measured spectrophotometrically 
using p-nitrophenylphosphate as substrate according to an well-established method 
modified in our laboratory. 
2.5.1. Serum collection 
4 ml of blood was collected from each subject in the morning period using standard 
technique from vein at elbow. Then blood was stored in plain tube at room temperature for 
at least half an hour until complete blood clotting. Centrifligation of the clotted blood was 
required at 2000xg for 10 minutes. Serum was aliquoted into 200)al each and stored at -
80�C. 
2.5.2. ABBOTT methods for serum ALP activity 
27.5mg of WGL from Triticum vulgaris (Sigma) and 220mg of Triton X-100 
(Sigma) were dissolved in 5.5ml ddH20 to give a final concentration of 0.5% WGL in 4% 
Triton X-100. The solution was mixed on a roller plate until total dissolution of WGL. The 
ALP substrate (A-gent®, Abbot) reconstituted by 21ml MQHiO. 
Serum samples stored at -80°C were thawed to room temperature. Precipitation of 
serum ALP was attained by mixing 50 [i\ serum samples with equal volume of WGL 
/Triton X-100 solution. The mixtures were incubated at 37�C with general shaking for 30 
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minutes. After incubation, the mixtures were centrifuged at 2000x g for 10 minutes at 4°C. 
The supernatant was used to measure the non-bone ALP activity. 
bALP activity was determined by hydrolysis of p-nitrophenylphosphate using 
ABA-100® procedure of the ABBOTT VP system. 50|al of the controls and the test 
samples were added to the sample cup of the ABBOTT VP system. The machine setting 
was described in Table 2-2. 
Table2-2. The settings for ABBOTT VP system 
Filters 450/415 
Syringe Ratio 1:101 
Analysis Time 5 min 
Carousel Revolutions 3 
Temperature 37°C 
End-point or Rate RATE 
Reaction Direction Down 
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Using the above instrument settings, syringe plate was filled with A-Gent Alkaline 
Phosphatase reagent. The probe was positioned in the reservoir, Manual Dispense Switch 
was used to recycle the reagent through the syringe plate, and then the probe was attached 
to the end of the boom arm. The program was then run, and ALP activity of the samples 
were automatically calculated by the analyzer. 
Serum ALP activity was calculated from the difference between the total ALP in 
the untreated sample and the supernatant collected after WGL precipitation as shown 
below: 
Bone-specific ALP (U/L)= 2*(Total ALP (U/L) — non-bone ALP (U/L)) 
The result was expressed as lU/L in unit. 
2.6. Bone resorption marker : Dpd 
Detection of free form of Dpd could be employed by enzyme linked immuno-
sorbent assay (ELISA). Competitive enzyme immunoassay in a microliter stripewell format 
utilizing a monoclonal anti-Dpd antibody coated on the strip to capture Dpd. Dpd in the 
urinary sample competes with conjugated Dpd-alkaline phosphatase for the antibody 
anchored on the well. The reaction is detected with pNPP substrate. Pyrilinks-D results 
would be corrected for urinary concentration by creatinine. 
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2.6.1. Pyrilink-D kits Reagent 
Pyrilinks-D kit (Metra Biosystem) was used to measure the quantity of urinary Dpd. 
Dpd standards, which purified from bovine bone in lOmM phosphoric acid containing 
sodium azide (0.05%) were provided, enzyme conjugate is lyophilized Dpd, purified from 
bovine bone, conjugated to alkaline phosphatase. 
2.6.1.1.Procedures 
3 ml of first void urine was collected and aliquoted into 1ml each. Before 
measurement of urinary Dpd, urine was stored at -80°C. It was then thawed to room 
temperature when measurement. Measurement of free-formed Dpd was performed 
according to the procedures provided by manufacturer. SOjj-l of diluted urine and standards 
were pipetted to each well within 30 minutes. 100 cold enzyme conjugate was added 
accordingly. Incubation is necessary for competitive between free form Dpd and enzyme 
conjugate linked with Dpd. IX wash buffer is used to wash out unbound Dpd three times. 
Substrate pNpp was used for the enzyme ALP to be digested. Incubation for enzymatic 
reaction underwent for an hour. Read Optical density at 405nin within 15 minutes after 
adding 100 }il stop solution. 
2.6.2. Creatinine assay 
Urinary concentration of Dpd is standarized by creatinine. Urinary creatinine is 
measured using VP ABBOTT system. Abbott A-Gent creatinine reagent was used to 
quantitatively determine creatinine in urine. Creatinine reacts with alkaline picrate to form 
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a colored complex. The amount of colored complex formed is directly proportional to the 
concentration of creatinine in urine. 
The unit of results obtained from the Pyrilinks-D assay were in nmol Dpd / mmol Cr where 
creatinine mg/dL x 0.088 = mM). 
2.6.2.1.Reagents 
A-Gent Creatinine reagent is supplied as a two component system: a Picrate 
solution and an Alkaline Buffer. When properly prepared, the working reagent contains the 
ingredients as in Table 2-3. 
Table 2-3. Working concentrations of A-Gent Creatinine reagent. 
Component Concentration 
Picric Acid a03M 
Sodium Hydroxide 0.1OM 
2.6.2.2.Procedures 
Urine samples stored in -80°C were thawed at room temperature for measurement 
of urinary Creatinine. Urine samples were diluted with water 1:20 before use. The working 
reagent can be prepared by combining equal volumes of Picrate Solution and Alkaline 
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Buffer and gently mixing. The condition for measurement of urinary creatinine for the 
ABBOTT V. P. system was set (Table 2-4). 
Table 2-4. The machine settings for the ABBOTT VP system 
for measuring urinary creatinine 
Parameter Abbott VP 
Filt^ 13 
Units 05(mg/dL) 
Dilution 1: 26 
Rev Time/ Analysis 2 
FRR Yes 
Reaction Up? Yes 
Standards Yes 
Lo Std 2 
Hi Std 6 
Endpoint Y 
InitAbs 0.8 
Up limit Y 
Max Abs 1.8 
Carousel Rev No 
Cal Factor No 
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2.7. Genetic Marker - polymorphism of Estrogen Receptor gene 
4 ml of blood was collected in haprinized blood tube and stored in ice until 
centrifugation. After centrifuge at lOOOxg for 10 minutes at 4°C, plasma was decanted and 
whole blood was treated with 4ml lysis buffer (lOmM KHCO3, 155mM NH4CI, 0.1 mM 
ETDA) in ice for 15 minutes. Blood cell pellet was deposited at the bottom of the tube after 
centrifiigaton with condition same as above. 
2.7.1. Digestion of peripheral blood cells 
Tris-EDTA buffer (O.OIM Tris (pH7.5), O.OOIM EDTA (pH8.0)) was first prepared 
to dissolve genomic DNA. 
Overnight digestion of blood cell pellet was performed by adding 3 ml TE buffer at 
pH 8，600|il of 10% SDS (in w/v) and 10)il of proteinase K (lOmg/ml). 
Extraction of genomic DNA is employed by the well-established method of phenol/ 
chloroform extraction. Precipitation of protein was achieved by adding 1ml of saturated salt 
to the overnight digest. Centrifugation at lOOOxg for 10 minutes at 4°C could precipitate 
out protein. Purification of genomic DNA is necessary for the following experiment. The 
supernatant was purified by adding the equal volume of 1:1 phenol to chloroform and 
centrifuged. The supernatant was purified adding equal volume of chloroform. Two volume 
of iced 100% ethanol precipitate genomic DNA from the supernatant. The genomic DNA 
was washed with 70% ethanol and dried. The DNA was resuspended in T.E buffer. 
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2.7.2. Quantitation ofDNA 
The quantity of DNA was obtained by measuring absorbance at 260nm by DNA/ 
RNA calculator (GeneQuant II, Pharmacia). 
2.7.3. Confirmation of Integrity of DNA 
The integrity of genomic DNA (Figure 2-3) was examined on 1% agarose gel, resuspended 
DNA was required for the polymerase chain reaction. 
2.7.4. Polymerase chain reaction (PCR) 
Oligonucleotide primer (Gibco) (forward, 5'-CTG-CCA-CCC-TAT-CTG-TAT-
CTT-TTC-CTA-TTC-TCC-3reverse, 5'-TCT-TTC-TCT-GCC-ACC-CTG-GCG-TCG-
ATT-ATC-TGA-3’) was reconstituted in H2O and stored in -20�C. This pair of primers 
was used to amplify the intron 1 of estrogen receptor gene. 
2.7.5. Reaction buffer 
PCR buffer kit (Gibco, Life Technology) included lOX PCR reaction buffer without 
MgCli (lOmM Tri-HCl [pH 9]，50mM KCl)，dNTPs, Taq polymerase, and MgCls. 
Genomic DNA (0.1|j,g) was used to amplify the estrogen receptor gene of interest 
by PTC-100™ Programmable Thermal Controller (MJ-Research, Inc) with 40jil reaction 
mixture containing IX reaction buffer, 1% Triton X-100 and 200)J.M dNTPs, one unit of 
Taq polymerase and 0.4|aM each of oligonucleotide primers, l.SmM MgCli and water. 
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2.7.5.1. Reaction condition for PCR 
PCR was performed under the following condition. Initial denaturation at 95°C for 
5 minutes is necessary for the linearization the DNA template. The annealing environment 
for the primer and DNA template can be achieved at 63 °C for 1 min and the polymerization 
reaction can be triggered at 72°C for 1 min to synthesize the new identical chain to the 
template. After one cycle of this reaction, the number of the template would be doubled. 
Desired quantity of PCR products of the reaction are required normally by 30 cycles, which 
followed by 94°C for 30 sec, 61�C for 40 sec, 72�C for 90 sec. 
2.7.5.2.Detection of PCR product of Estrogen receptor gene 
Estrogen receptor gene was amplified by polymerase chain reaction under above 
conditions. 1.3 kb of PCR product of estrogen receptor gene was detected by 1.5% agarose 
gel (Figure 2-4). 
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L 1 
K M 
潘、、名 'If 、、化 
Figure 2-3. The integrity of genomic DNA was detected on 1% agarose gel. 
(Lane L: molecular weight marker, lane 1: genomic DNA.) 
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L 1 2 3 4 5 
Figure 2-4. Analysis of polymorphism of intron 1 and extron 2 of ER gene from AIS 
patients. A ethidium bromide stained 1.5% agarose gel showing PGR amplified 1.3 kb 
products of genomic ER DNA sequences from AIS patients. Patients abbreviation in each 
lane, lane 1: C丄丄•； lane 2: T.Y.M; lane 3: L.Y.T.; lane 4: C.P.S.and lane 5: C.S.Y. 
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L 1 2 3 4 5 
M B H I H 
Figure 2-5. PGR products from ER gene by restriction endonuclease digestion Pvu II 
detected on 1.5% agarose gel. Lane L: molecular weight marker; 850-base pair and 450-
base pair fragments (lane 1 and 4); 1.3kb fragements (lane 2) and 1.3kb, 850-base pair and 
450-base pair fragments (lane 3 and 5) 
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2.7.5.3.Restriction enzymes PvuII 
2.7.5.3.1. Restriction site for PvuII endonuclease 
CAG CTG is recognized sequence that PvuII will cleave the sequence into 
GTC^GAC 
segments with blunt ends. 
2.7.5.3.2. Procedures 
The polymorphism of estrogen receptor gene was identified by restriction fragment 
length polymorphism by restriction enzymes. 1 unit of PvuII restriction enzyme could 
digest lOng of PGR product at condition as recommended by manufacturer (Gibco). The 
digestion of PGR product ofintron 1 of ER gene was performed overnight with restriction 
enzyme PvuII. 
2.7.5.3.3. RFLP of ER gene 
The mixture was electrophoresised by 1.5% agarose gel. The 1.3kb fragment of the 
PCR product indicated the absence of the restriction site on the allele of DNA. On the other 
hand, PCR product will produce 2 fragments with 850-base pair and 450-base pairs in the 
presence of restriction site on the allele of DNA. 
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2.8. Statistics 
The statistical analysis consisted of two main parts: 1) MANOVA and ANOVA 
models were used to compare the mean values of BMD, anthropometric and degree of 
scoliosis between AIS patients and age-, sex- and maturity-matched normal controls, 
according to both chronological age and years since onset of menarche (YSM); 2) Pearson 
correlation of both aBMD and vBMD with anthropometric parameters, chronological age, 
age since menarche and severity of curvature. For scoliotic subjects, age-based Z-scores of 
BMD, which were multiples of the standard deviation above or below the normal score was 
evaluated. 
Quantitative measurements were summarized as means and standard deviations (SD) 
or median and interquartile range for skewed variables. Log transformation (using natural 
logarithm) was performed on skewed variables prior to analysis. Pearson Chi-square tests 
were used for categorical variables. Non parametric tests, for examples Mann-Whitney U 
test, were also used for variables, in original scale, which failed to approximate a normal 
distribution after transforaiaton. SPSS package 8.0 was used for all statistical evaluation. 
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3.1 Subject distribution of AIS and normal control 
A total number of 169 subjects were recruited into the study randomly including 75 
female AIS subjects and 94 race-, age- and sex- matched control subjects. 
The subjects were further breakdown into three different age groups to minimize the 
confounding effect during developmental period. Age group of 12 years consisted of a total 
number of 36 subjects of which 14 were AIS patients and 22 were normal control. A group 
of age 13 included 77 subjects of which 26 were AIS patients and 51 were normal controls. 
A total number of 56 subjects was included in the age 14 group, 35 AIS patients and 
21 normal controls. Pearson Chi-square showed the subjects was not even distributed 
(p=0.003) (Table 3-1). 
In comparing means of chronological ages of AIS subjects and control subjects, two-
tailed student's T-test showed no difference of their mean ages between two groups of 




3.1.1. Mean ages of menarche，breast development and pubic hair 
development 
Two-tailed T-test showed that mean ages of menarchal stages and pubic hair 
development had no significant differences in each age group between AIS patients and 
age-matched normal controls (Table 3-3) (p=0.561, p=0.159 and p=0.201 for age groups of 
12 years, 13 years, and 14 years respectively). 
Using Tanner Maturity Scale, we divided subjects into 3 pubertal stages according to 
their growth spurt parameters, breast and pubic hair developments where prepubertal stage 
means the subjects were in stage I; either stage II or III showed subjects just starting their 
growth spurt or in accelerated phase in growth; Subjects in late stage: IV or V of breast or 
pubic hair indicated their growth velocity is reached. 
Student's T-test with two tails revealed that there were no significant difference of 
mean ages of prepubertal and late stages of breast development evaluated with Tanner 
Maturity Scale between AIS patients and normal controls. However, mean age of AIS of 
early stage of breast development was significantly higher than that of control (p=0.025). 
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3.1.2. Pubertal statues of different age groups evaluated by menarche, 
breast development and pubic hair development 
Pearson Chi-square (exact test) revealed statistically significant difference in breast 
development of age group of 13 years and pubic hair of age group of 14 years between AIS 
and control subjects with p=0.009 and p=0.012 respectively (Table 3-7 and 3-8). However, 
no difference in menarchal statues was observed in any groups. 
The difference in pubertal statues using evaluation of breast stages and pubic hair 
development between girls with AIS and age-matched normal control is obvious (Table 3-7 
and 3-8). Both AIS girls and normal control subjects had a uniform subject distribution in 
the stage I in all three age groups. In the age group of 13 years, evenly distributed pubertual 
statues was observed using pubic hair staging, however, over 80% of AIS patients was in 
the stage 2 or 3 of breast development when compared only less than 50% of normal 
controls were in the same stages. Table 3-8 showed the subject distribution in age group of 
14 years different from that in the age group of 13 years. Less than 40% of AIS girls of 14 
years old were in the early stage of pubertal development, on the contrary, nearly 70% of 
normal control of 14 years old were in the stage of early development. More AIS girls of 
aged 14 years were in stage 4 or 5 compared with age-matched normal controls. 
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3.2. Anthropometric assessments 
Unpaired two-tailed student T-test indicated normal distribution in variables including 
body height, arm span, sitting height and lower extremity in the two randomized sample 
groups of AIS and normal control. Two variables like body weight, BMI were found to be 
skewed, they were then transformed into their natural logarithm counterparts for further 
statistical analysis. 
3.2.1. Overall review of anthropometric assessments 
Means of the anthropometric variables including body weight, body height, BMI, arm 
span, sitting height and lower extremity were presented in Table 3-9. Interquartile ranges of 
BW and BMI were presented instead. 
Two-tailed student's T-test showed that the mean body weight of AIS patients was 
lighter than that of normal controls and the mean body height of AIS patients was taller 
than that of normal controls. As a result, BMI calculated as body weight by body height, 
was found statistically significant lower than that of the normal controls (p=0.017). Mann-
Whitney showed BMI statistically significant lower in AIS patients compared with normal 
control (p=0.011). Upper extremity like arm span and lower extremity of AIS girls were 
significantly longer than that of the controls (p=0.002 and p=0.003 respectively). There was 
no statistical significant difference in sitting height between two groups (p >0.05) 
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3.2.2. Anthropometric assessments according to the chronological age 
For the age group of 12, AIS was not as heavier and taller as the normal control. 
Nonetheless, the arm span and sitting height of AIS was shown shorter than that of control 
and the length of lower extremities of AIS was fairly equal to that of normal control (Table 
3-10). 
Table 3-11 demonstrated the anthropometric variables at the subjects at age group of 
13. BMI, arm span and length of lower extremity were found statistically different from 
that of the control groups. AIS had statistically significantly low BMI compared with 
normal controls with p=0.008. A statistically significantly longer arm span as well as longer 
lower extremity were found in the AIS subjects (p= 0.008 and p=0.004 respectively). 
Of age group of 14，the anthropometric measurements of AIS patients and normal 
control were summarized in Table 3-11. We found that there was a general trend that 
followed the overall trend in Table 3-9. 
For the overall comparsion, the differences in BMI, arm span and length of lower 
extremities, were the most significant (p<0.01 for both arm span and lower extremity) 
while no differences were found in body weight, body height, sitting height, and onset of 
menarche between AIS subjects and normal controls. Further breakdown into the different 
age groups manifested that arm span and length of lower extremity were significantly 
greater in AIS girls than that of normal controls at age 13. (p=0.008 and p=0.004 
respectively). In short, there may imply the fact that AIS subjects had abnormal growth rate 
at age 13 when compared with controls. 
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3.3. BMD profile of AIS patients 
Both DEXA measured aBMD and pQCT measured vBMD were normally distributed 
according to the chronological age. MANOVA showed no significant difference in the 
overall measurements including the BMD of dominant and non-dominant lower extremities 
between AIS and age- and gender matched normal controls. When only the vBMD values 
were analyzed a close to significant (p二0.062) difference between two groups was 
observed. But when values were analyzed in a univariate fashion, the most significant 
difference of aBMD was found in bilateral great trochanter and Ward's triangle, particularly 
in the age of 14. Similarly, significantly lower trabecular BMD and integral BMD were 
found in bilateral distal tibiae of the AIS girls compared with normal controls, particularly 
in the age groups of 13 and 14 years. 
3.3.1. aBMD measured by DEXA (overall review) 
For overall comparsion, areal bone mineral density (aBMD) at various regions of two 
groups measured by Dual Energy X-ray Absorptiometry was tabulated in Table 3-13. A 
generalized areal low bone mineral status at every measured scanned region was found in 
AIS subjects when compared with the normal controls. 
aBMD of the greater trochanter either at dominant or non-dominant sites of AIS was 
statistically significantly lower than that of normal controls with p=0.042 and p=0.011 
respectively. While aBMD of Ward's Triangle at non-dominant site of AIS patients were 
significantly lower than that of their counterpart (p=0.04). 
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3.3.2. aBMD in different age groups 
In comparing the age group of 12 years, AIS subjects had lower BMD of L2-4 
compared with normal control. Dominant sites of promixal femur including femur neck, 
greater trochanter and Ward's triangle showed higher BMDs in AIS girls than in normal 
controls. However, BMDs in nondominant sites was similar in both AIS girls and normal 
control. 
Generalized low aBMD of the AIS subjects was found in AIS girls with age 13 years 
as well as AIS girls with age 14 years (Table 3-15 and 3-16). AIS subjects at age 14 years 
had significantly lower aBMD of bilateral femur compared with normal controls (Table 3-
16). All three regions of femur, either dominant sites or non-dominant sites, showed 
significantly lower BMD than that of normal controls. 
3.3.3. vBMD measured by pQCT (overall review) 
Overall generalized volumetric low bone mineral densities at all various sites was 
found in AIS subjects shown in Table 3-17. Significantly lower trabecular BMD (tBMD) 
and integral BMD (iBMD) were found in bilateral distal tibiae of AIS compared with their 
counterparts tBMD of distal tibia at non-dominat site was highly significant in AIS patient 
(p=0.008) but that at dominant site was as less as p=0.011. iBMDs of bilateral distal tibiae 
showed significantly lower than that of normal control (p=0.034 and p=0.046 for dominant 
and non-dominant sites respectively). 
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3.3.4. vBMD in different age groups 
A consistent general trend of generalized low vBMD of Scoliotic subjects was found 
in all age groups. 
Table 3-18 summarized the vBMD of the subjects at age 12. A general trend of lower 
BMD of AIS subjects among all measured sites was clearly seen. TBMD and iBMD of 
distal radius were higher in AIS patients compared with normal controls. Despite of this, 
tBMD and iBMD of bilateral distal tibiae had fairly lower value in AIS patients. 
Al l measured sites demonstrated generalized low BMDs occurred in AIS subjects of 
age groups of 13 years and 14 years. In comparing age group of 13 years, Bilateral distal 
tibiae of AIS girls had statistically lower iBMD than that of normal control (p=0.018 and 
p=0.016 for dominant and non-dominant sites respectively). While tBMD of bilateral distal 
tibiae were found significant lower in AIS subjects at age 14 compared with the controls 
(p=0.047 and p二0.024 for dominant and non-dominant sites respectively) (Table 3-19 and 
3-20). 
3.3.5. Prevalence of osteopenia in AIS patients 
Table 3-21 and Table 3-22 summarized the prevalence of osteopenia in AIS patients at 
various sites which divided into three categories of age-based z-scores of BMD. They were 
normal mean value, 1 SD to 2 SD below the normal mean value of normal control and 2 SD 
below the normal mean value of normal control. In comparing the BMD of each scoliotic 
individual to lower bound of the 68% and 95% reference intervals for the same age，an 
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average of 22.3% and 3.8% in aBMD of AIS girls were found below -1 SD and -2 SD 
respectively. More cases are identified in trabecular rich regions of the non-dominant 
proximal femur, i.e. 33% and 30.6% below -1 SD in greater trochanter and Ward's triangle 
respectively, while there was only 19.2% of the cases below -1 SD in the spinal region (L2-
4). Higher percentage of lower vBMD was found in the AIS subjects. An average of 30.9% 
and 5.1% in vBMD of AIS subjects were revealed below 一 1 SD and -2 SD respectively in 
non-dominant distal radius and bilateral distal tibiae. Among them, the most frequent cases 
were identified in tBMD of the weight bearing bilateral distal tibiae, with 37% and 36% 
below -1 SD. Non-weight bearing non-dominant distal radius showed fewer case 
categorized below -1 SD. 
3.3.6. Symmetry of bilateral proximal femur and distal tibia 
The dominant lower extremity showed higher aBMDs as well as tBMDs but not 
iBMD compared with non-dominant side in both normal controls and AIS girls (Table 3-
23). However, the differences in aBMDs and vBMDs between the dominant and the non-
dominant side in each of the two groups did not show any statistically significance using 
impaired 2-tailed T-test (p>0.05). — 
3.3.7. Correlation of aBMD and vBMD with anthropometric parameters 
and spinal deformity 
Table 3-24 summarized the correlation of aBMDs of spine and non-dominant proximal 
femur and vBMDs of the non-dominant distal radius and tibia with anthropometric 
parameters and spinal deformity of the AIS subjects. YSM showed better association with 
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B M D S than age. Y S M but not age was found to be moderately associated with tBMD or 
iBMD of the weight bearing distal tibia (rs from 0.316 to 0.471; pO.Ol) but not with the 
non-weight distal radius. No statistically significant association was also shown between 
age and trabecular rich greater trochanter and Ward's triangle. Body weight or BMI was 
found to be moderately significantly correlated with both aBMD and vBMD (r from 0.382 
to 0.650; p<0.01) except with tBMD of the non-weight bearing distal radius. In general, 
body height and sitting height were positively correlated with aBMDs of the lumbar spine 
or proximal femur but negatively correlated with vBMD of the non-weight bearing distal 
radius. Arm span and the length of the lower extremity, however, showed a negative but 
significant correlation with vBMDs of both non-weight bearing distal radius and weight-
bearing distal tibia (r from -0.204 to -0.344; p<0.01). No association was found between 
severity of the spinal deformity (Cobb's angle) and either aBMD or vBMD of the measured 
skeleton sites.(Table 3-24) 
3.4. Bone formation marker- bALP 
The presence of a linear relationship between bone formation (ALP) and chronological 
age seemed plausible. An ANCOVA model was fitted to the loge-transformed ALP to 
examine the presence of such age effect. 
ANCOVA analysis indicated that both the group difference (P<0.001) and linear trend 
in age (P<0.0001) were highly statistically significant. Furthermore, the linear relationships 
between ALP and age was found to statistically significant different between the AIS and 
control groups (P<0.001) as seen in the scatterplots (Figures 3-1 (i) and 3-1 (ii)). The rapid 
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decline of bone formation rate was clearly seen in normal control as the age increased. 
However, a comparative slower decline in bone formation rate in scoliotic subjects was 
found with an increase of age as compared with normal controls (adjusted R^=0.246). 
However, the correlation coefficient r showed no strong association between bALP activity 
and chronological age. 
Mann-Whitney U test was used for both variables of bALP and Dpd due to the 
skewness of data (Table 2-25). Interquartile range represented the spread of distribution of 
the sample. Medians of bALP were presented in all three age groups. Median bALP of AIS 
subjects of age group of 12 years was 20% less than that of normal controls. Median values 
of bALP then dropped drastically to 70 U/L in normal control of age group of 14 years. AIS 
had moderate decrease in bALP from age 12 to 14. 
3.5. Bone resorption marker -Dpd 
Analysis with ANCOVA showed that both the group difference (P=0.045) and linear 
trend in age (P=0.029) were statistically significant. The linear relationships between 
resorption and age was also found to be marginally statistically significant between the AIS 
and control groups (P二0.042). This indicates differing linear relationships between the two 
groups as illustrated in the scatterplots (Figure 3.1.1 and 3.1.2). 
The finding was similar to what had been observed in bone formation. Only that the 
decline in bone resorption in scoliotic subjects was minimal as compared to normal 
controls. Hence, the resorption rate of AIS subjects was remained steady while the age 
56 
Results 
increased when compared with normal controls. (Adjusted R^=0.032 indicating a poor fit to 
the data). 
AIS subjects had mean Dpd 36% less compared with normal control (Table 3-25). 
Median value of Dpd were relatively high in normal control of age group of 12 years. The 
values were declined to the half in the age group of 14 years as the increase in age. AIS 
girls at three age groups had fairly constant bone resorption rates irrespective of the 
increase in age (Table 3-26. 
3.6. Genetic marker -Estrogen receptor gene 
The restriction fragment length polymorphism (RFLP), which digested with PvuII 
giving genotype of estrogen receptor gene, were PP, Pp and pp. PP represented the ER gene 
products had no restriction sites on both alleles. Pp represented the ER gene products had 
one restriction site on one allele, and pp represented the ER gene products had two 
restriction sites on both alleles. When we compared genetic marker of Estrogen receptor 
gene two groups of AIS patients and controls, there performed a Hardy-Weinbery 
equilibrium to see the randomized samples of genotype in both groups (Table 3-27). 
To examine the general differences in both areal and volumetric BMDs (dominant and 
non-dominant sites) by different genotypes (PP, Pp, pp: n=30，76,54)，a multivariate 
ANOVA (MANOVA) model was used for analysis. Volumetric measurements were loge-
transformed prior to calculation to make the variances more even among the variables. The 
result indicated there was not sufficient evidence to suggest any group difference among the 
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three genotypes (P=0.095). Assumptions of the model were checked by the Box's M Test 
(P=0.154) suggesting the covariance matrices of the dependent variables were equal across 
the three groups. 
The MANOVA model was used for subgroup analysis for scoliotic subjects and 
normal controls. The differences in BMDs among the three genotypes were found to be 
non-significant (p=0.499 for scoliosis and p=0.077 for controls). 
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Age AIS Control Total 
(years) (n = ) 
12 14 22 ^ 
13 26 51 77 
14 35 21 56 
Total 75 94 169 
Table 3-1. Subject distribution o f AIS subjects and normal control 
according to chronological age (Pearson Chi-square =11.40 (2df), 
P = 0.003) 
Age group AIS Control P value 
Mean N Mean ^ PT" 
T2 M ^ 14 \22 O 7 T 9 “ 2 2 0 . 1 2 5 
13 13.0 0.29 26 13.1 0.28 51 0.260 
14 14.0 0.27 35 14.0 0.32 21 0.886 
Table 3-2. Mean age (years) o f Adolescent Idiopathic Scoliosis and normal 




Menarche AIS Control P value 
Mean SD N Mean SD N 
Not started 12^ 16 12^ 硕 ^ 0 . 5 6 1 
Upto 1.5 yrs 13.2 0.70 37 13.0 0.58 39 0.159 
>1.5 yrs 13.8 0.64 21 13.6 0.50 31 0.201 
Table 3-3 Mean age (years) o f menarchal stages in AIS and control. 
(2-tailed T-test, a = 0.05; *:P<0.05, **:P<0.01) 
Breast AIS Control P value 
Development Mean SD N Mean SD N 
Prepubertal 13：0 5 i J T l ^ 7 0.872 
Early 13.2 0.70 58 13.0 0.68 52 0.025 
Late 13.8 0.64 12 13.6 0.50 31 0.615 
Table 3-4 Mean age (years) o f pubertal stage using evaluation o f breast 
development wi th Tanner Maturity Scale (2-tailed T-test, a =0.05; 
*:P<0.05, **:P<0.01； Breast development according to the Tanner Maturity Scale 
where Prepubertal stage: stage I; Early stage: stage II and III; Late stage: IV and V ) 
Pubic hair AIS Control P value 
Mean SD N Mean SD N 
Prepubertal 12^ M S 4 1 2 J ^ 1 4 0 . 8 3 2 
Early 13.0 0.75 38 13.05 0.65 58 0.964 _ ^ 
Late 13.6 0.68 33 13.4 0.45 22 0.279 
Table 3-5 Mean age (years) o f pubertal stage using evaluation o f pubic hair 
development wi th Tanner Maturity Scale (2-tailed T-test, a =0.05; 
*:P<0.05, **:P<0.01； Pubic hair development according to the Tanner Maturity 




Age (yrs) AIS Control Total P value 
12 Premenarche 8 ( 5 7 % ) 1 0 (45%) 18 ‘ 
Postmenarche 6 (43%) 12(55%) 18 P,=0.733 
Tota l 14(100%) 22 (100%) 36 
U Premenarche 19(76%) 40(80%) ^ 
Postmenarche 6 (24%) 10 (20%) 16 P，=0.768 
Tota l 25 (100%) 50(100%) 75 
14 Premenarche 31 (89%) 20 (95%) 5 l 
Postmenarche 4(11%) 1(5%) 5 P，=0.640 
Tota l 35 (100%) 21 (100%) 56 
Table 3-6. Subject distribution wi th premenarche and postmenarche o f 
different age groups. Pearson Chi-square (exact) on 2 df; **P<0.01 
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Age (yrs) AIS Control Total P value 
1 2 P r e p u b e r t a l 1 (1%) T ^ ^ 2 
Early 12(86%) 19(86%) 31 P, 二 1.0 
Late 1(7%) 2 ( 9 % ) 3 
Total 14(100%) 22 (100%) 36 
13 Prepubertal 2 (8%) 4 (8%) 6 
Early 21 (81%) 24 (47%) 45 P’=0.009** 
Late 3 (12%) 23 (45%) 26 
Total 26 (100%) 51 (100%) 77 
14 Prepubertal 2 (6%) 2 (10%) 4 
Early 25 (71%) 9 (43%) 34 P,=0.089 
Late 8 (23%) 10 (48%) 18 
Total 35 (100%) 21 (100%) 56 
Table 3-7. Subject distributions wi th pubertal statues using evaluation o f 
breast development o f different age groups (Pearson Chi-square (exact) on 
2 df; **P<0.01 Breast development according to the Tanner Maturity Scale where 
Prepubertal stage: stage I; Early stage: stage I I and III; Late stage: IV and V ) 
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Age AIS Control Total P value 
(yrs) 
‘“12~Prepubertal 2 ( 1 4 % ) ~ 7 (32%) 9 
Early 10 (72%) 15(68%) 25 133 
Late 2 (14%) 0 (0%) 2 
Total 14 (100%) 22 (100%) 36 
13 Prepubertal 1 (4%) 5 (9%) 6 
Early 16 (62%) 29 (57%) 45 P,=.761 
Late 9 (31%) 17(34) 26 
Total 26 (100%) 51 (100%) 77 
14 Prepubertal 1 (3%) 2 (9%) 3 
Early 12 (34%) 14 (66%) 26 P，=.012* 
Late 22 (63%) 5 (23%) 27 
Total 35 (100%) 21 (100%) 56 
Table 3-8. Subject distributions wi th pubertal statues using evaluation o f 
pubic hair development o f different age groups (Pearson Chi-square (exact) 
on 2 df； **P<0.01 Pubic hair development according to the Tanner Maturity Scale 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 4 Discmskm 
Discussio 门 
4 Discussion 
AIS has been discovered most frequently in girls between 12 and 14 years of age. 
With this cross-sectional case-control study the skeletal development of AIS patients 
during this fast growing period was investigated by evaluation of bone mineral status, 
biochemical markers for bone turnover, genetic markers and anthropometric 
measurement. 
4.1 Bone mineral density of AIS patients 
There are many methods available for measurement of BMD. Some involve the 
quantification of photon absorption by bone, including single-photon absorptiometry 
(SPA), DEXA, and pQCT, and all are available for pediatric application. DEXA has 
been available for pediatric clinical use for more than 10 years. There are well-
established normal standards for DEXA measurement in the lumbar spine as well as 
proximal femur in the pediatric population. However SPA and DEXA are projectional 
densitometers and have limitations to differentiate bone growth in size from increase in 
VBMD. With QCT, the region of interest for bone mineral measurement is a well 
defined volume, permitting examination of the trabecular bone within the defined region 
without including cortical bone. QCT measures bone mineral as a true volume density, 
which is less influenced by bone mass. By combination of these two bone mineral 




Association of low BMD with AIS has been reported by several authors. Burner 
et al (1982) observed that relationship between osteoporosis and acquired back 
deformity. Cook (1987) found that osteopenia may be characteristic of IS. Healy and 
Lane (1985) reported that the prevalence of structural scoliosis of at least 10 degrees 
was statistically greater in biospy-proven osteoporotic women than in general geriatric 
population. These previous studies were conducted either using radiographs or plenary 
bone densitometers like SPA or DEXA, which measure the projectional or areal BMD 
(aBMD) and their values are a function of three skeletal parameters including the bone 
size, volume, and its mineral density. The osteopenia in growing AIS patients measured 
with SPA and DEXA only reflects the aBMD which might be associated with 
disturbance of bone modeling or formation three dimensionally. The present study 
demonstrated for the first time that the generalized low BMDs in AIS girls aged 12 to 
14 was associated not only with aBMD measured with DEXA in spine and bilateral 
proximal femur, but also with vBMD measured with pQCT in non-dominant distal 
radius and bilateral distal tibiae. 
Although AIS patients have a generalized low BMD at various skeleton sites, in 
the present study the spinal aBMD was less affected compared with other measured 
regions. One of the explanations is that the DEXA projects the three-dimensional bone 
structure into a two dimensional imaging, the measured BMD in the spine is likely to be 
affected by any curvature or axial rotation of the vertebrae because of its irregular shape 
(Mazess, 1991), such as in AIS (Deacon, 1984 ； Sevastik,1984 ； Cheng & Guo 1997). 
Our unpublished in vitro study confirmed a significant positive correlation between 
rotation degree and measuring area as vertebral body rotated from the AP position 
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resulting in a significant negative correlation between rotation degree and its aBMD 
(Cheng, 1999). However, significantly lower spinal aBMD in AIS patients have been 
reported in our recent study (Cheng & Guo 1997) and by others (Cook, 1987; Velis， 
1989) in the group with more severe AIS. This discrepancy indicates the importance of 
measuring spinal vBMD using bone size and position independent QCT technique. 
Nevertheless, our pQCT and DEXA measurements showed a lower to moderate but 
significant correlation between aBMDs and vBMDs among all measured anatomical 
sites (r from 0.346 to 0.699)，and a higher correlation was found between tBMD of 
distal tibia and trabecular rich greater trochanter or Ward's triangle of the lower 
extremity. Although no published study is available to show the association of tBMDs 
among distal radius, distal tibiae and spine, Fuji (1996) reported a highly significant 
correlation with r 二 0.806 in tBMD between the lumbar spine measured with QCT and 
the distal radius measured with pQCT in Japanese women aged 21-86. This indicates a 
close parallelism among vertebral, radial and tibial tBMD and implies therefore, that 
significant lower tBMD measured at distal extremities of the AIS patients in our study 
may reflect a similar degree of lower spinal tBMD in the same population. 
When the AIS patients and normal control subjects were further divided into 12， 
13 and 14 age groups, it has been found that aBMD of spine and bilateral proximal 
femur and iBMD of distal radius and bilateral tibiae of the normal healthy girls 
increased from 12 to 14 years of age while tBMD of the non-dominant distal radius and 
bilateral distal tibiae remained unchanged. In AIS girls, aBMD value of dominant femur 
neck, greater trochanter and Ward's triangle as well as non-dominant distal radius tBMD 
and iBMD were not significantly higher in aged 12 AIS compared with age-matched 
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normal controls. Mean body height of 12 years old AIS patients was shorter than age 
matched normal control. Only spine showed significantly increased aBMD in 13 and 14 
years group, while no significant increased was found either in aBMD of the bilateral 
proximal femur or in tBMD of the non-dominant distal radius and bilateral distal tibiae. 
At the same time, the upper and the lower extremities increased significantly in 13 and 
14 years old girls. These results indicate that there was a disturbance of the BMD 
acquisition and the osteopenia is likely to be present prior to the progression of 
scoliosis. This implies that osteopenia may be a primary problem rather than secondary 
to the progression of scoliosis. 
There is a continuous increase in bone mass interpreted in aBMD in all skeleton 
sites during childhood measured by SPA or DEXA and approximately one half of the 
total skeletal mass is acquired during the adolescent years (Velis，1989; Kroger, 1992; 
Faulkner, 1996; Cheng & Guo，1997; Mora & Gilsanz, 1998). Using a hypothetical 
model of vertebral column and femoral neck for converting apparent vBMD measured 
with DEXA, Kroger (1992) showed that when BMD values were corrected for bone 
size, BMD and age no longer showed any significant correlation and apparent 
volumetric density did not change during childhood and adolescence. This confirms that 
increased bone mass or aBMD is due to simultaneously increased bone size. In fact, no 
significant changes in vBMD have been reported in healthy children measured by QCT 
or pQCT until puberty (Kroger, 1992; Hangartner & Gilsanz, 1996; Mora & Gilsanz， 
1998). Therefore, the phenomenon of faster increase of extremities and slower increase 
of aBMD in AIS girls suggests an imbalance between longitudinal and circumferential 
growth of bone: The longitudinal growth is faster, but the circumferential growth is 
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slower. However, there were no evidences to prove that the circumferential growth is 
slower compared with the normal control in this study. 
The question on whether abnormal mechanical loading in scoliosis and its 
progression might cause increased or decreased aBMD or vBMD in related skeletal 
regions as to affect the comparison of BMD measurement results. To address this 
question, a symmetry analysis between the non-dominant and dominant lower 
extremities in both AIS and normal control subjects was performed. Results of the 
analysis reveled that although the dominant lower extremity showed a higher aBMD 
and vBMD, the degrees of the higher aBMD and vBMD in the dominant lower 
extremity did not demonstrate any statistical significance. This suggested that the 
progression of scoliosis induced mechanical imbalance may not have detectable effects 
on BMD acquisition. This finding is also in accordance with the previous study which 
demonstrated that the aBMD value of bilateral hips were not different from each other 
in both AIS patients and normal controls (Cheng & Guo, 1997). 
In summary, findings of this study suggested that the AIS girls manifested with a 
generalized lower aBMD as well as vBMDs. The persistent bone size independent 
lower tBMD suggested its presence already before progression of the spinal deformity, 
supporting the notion that osteopenia in AIS patients might be one of the primary 
triggers of the spinal deformity and the faster growth in the AIS patients might be 
favorable for the progression of spinal deformity. 
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4.2 Anthropometric measurements 
Body height, arm span and length of lower extremities were measured. Since the 
total body height of AIS patients can be affected by the scoliosis deformity, the value of 
arm span and length of lower extremities are more reliable parameters representing 
longitudinal growth in AIS patients. 
Results of this study showed that AIS girls were generally taller than the normal 
controls. However, after breakdown into different chronological ages, AIS subjects of 
age 12 were shorter than their peer. In addition, their arm span and lower extremity was 
shorter than their counterparts. Arm span and length of lower extremities were 
significantly longer in AIS subjects of age group of 13 years and 14 years than the age 
matched normal control subjects. This phenomenon suggested a later onset, but faster 
growth rate in AIS patients: the fast growth started after 12 years of age, later than 
normal population, but accelerated growth rate in the groups of age 13 and 14. Previous 
studies indicated also more advanced skeletal development in the scoliotic girls than the 
- non-scoliotic girls in Caucasian population (Dhar, 1993; Hagglund, 1992). Nordwall and 
Willner (1975) found AIS girls were taller than control but with lower growth rate 
during age 13-15 years. They even recorded higher growth rate during 8-9 years. Some 
investigators demonstrated the advanced growth stature in AIS is related to the growth 
hormone, in prepubertal period compared with normal control (Buric and Momcilovic, 
1982; Thomas and Dave, 1985). The present study also demonstrated a postponed 
maturity in AIS girls. The ratio of leg: spine was not calculated in this study, because 
the scoliotic deformity may affect the measurement of the length of spine. 
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Pubertal stages of the subjects were assessed by evaluation of breast development, 
the pubic hair development, and menarche. 
The present study demonstrated that the late pubertal maturation was somehow 
found in AIS subjects of age groups of 13 years and 14 years. By evaluation of breast 
development, both AIS girls and normal control subjects had a fairly uniform subject 
distribution in the stage before the onset of puberty (stage I) in all three age groups. 
Most of the AIS patients were in stages 2 and 3 of breast development, only about 20% 
AIS gilrs between 12 and 14 years of age were in stage 4 or 5 of breast development, 
while normal control girls were more in stage 4 or 5. By combining the pubertal stages 
with the body height of AIS patients together, we see an association of accelerated 
skeletal development rate with stage 2 or 3 of breast developement. Loncar-Dusek 
(1991) showed that in healthy girls, stage 1 of sexual maturity reached the growth spurt. 
Stage 2 and 3 of sexual maturity attained the intensive growth spurt, whereas stage 4 
and 5 of secondary gender characteristics represented the growth decelerated and 
slowed down. Both in AIS and in healthy girls the accelerated growth did not coincide 
with the chronological age, but coincide with the sexual puberty stages. 
The close association of growth with the development of AIS has been reported 
previously. Results of this study · also indicated a positive correlation between puberty 
and severity of scoliosis. No correlation was found between body height and severity of 
scoliosis. This suggests that the progression of scoliosis is not determined by the body 
height but the growth velocity during the puberty. Our findings confirmed Willner 
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(1994) previous assumption on the relationship between AIS and growth that 1) Growth 
is necessary for the development of structural scoliosis; 2) Progression of the spinal 
deformity is known to increase during periods of rapid growth. 
4.3 Bone biochemical turnover marker 
Serum activity of alkaline phosphatase is the most frequently used bioche~ical 
marker of bone formation. Alkaline phosphatase is derived in part from osteoblasts 
throughout the life-time of their active phase. In health, about half of the alkaline 
phosphatase activity in serum is derived from bone. The bone and liver enzymes differ 
only in their post-translational modification. There may also be contributions to serum 
activity from intestine and other tissues including the placenta in pregnancy. The 
quantification of bone specific alkaline phosphatase (BALP) by wheat germ lectin 
precipitation method was developed by Rosalki and Foo in 1986 and it was adopted in 
our laboratory. 
In the present study, bone specific alkaline phosphatase activities in the control 
group demonstrated a significant age dependant decrease from 12 to 14 year old girls (p 
< 0.01). The median BALP level of normal controls at age of 14 years (70.5 U/L) is less 
than half of those at age of 12 years (167.4 U/L). Krabbe (1980) has reported that there 
was no significant sex difference in the concentrations of ALP between years of 7 and 
12. The mean levels decreased sharply from the year of 14 in boys and from the year of 
11 in girls. From the 12 th to the 18 th of year the boys had significantly higher mean 
values than the girls. Maximum values were seen at age 14 and 11 years in boys and 
girls respectively (Krabbe, 1980). Many studies in the western countries also 
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demonstrated that the peak ALP was at the age of 11 years (Ranch, 1995; Chen, 1995) 
while Lai S.W.(1998) firstly reported in 1998 that the peak ALP for Chinese in Taiwan 
was at age of 10 years. Therefore, the decreasing trend of bALP in our 12 to 14 year old 
control groups was expected. It also enabled us to report the normal range of bALP in 
Hong Kong adolescent girls. 
The pattern of bALP in the AIS patients along the age was significantly different 
when compared with the age-matched control. It clearly showed a peak at the age of 13 
years. This indicated that there was a delay in puberty of the AIS patients which was 
consistent with our sexual maturity and anthropometric findings. Study on biochemical 
markers of bone turnover in girls during puberty was reported by Blumsohn in 1994. 
They showed that the patterns of increase for all markers of bone formation (serum 
BALP, osteocalcin and type I procollagen carboxyterminal propeptide) and resorption 
(urinary Dpd and galactosyl hydroxylysine) measured in this study were similar, and 
levels of the various markers were significantly intercorrelated. Bone turnover as 
reflected by each of the markers was maximal in mid-puberty (breast Tanner stages II 
and III) and all the markers decreased towards adult levels in Tanner stages IV and V. 
All markers of bone formation and resorption were significantly lower after the 
menarche, but the magnitude of the pubertal increase compared to the adult reference 
range differed between markers. These differences may reflect the differences in bone 
specificity of the different markers, or differing mechanisms of production and 
clearance during puberty. In particular, the pubertal increase in levels of bALP and Dpd 
was higher than the increase shown by the other markers, suggesting that these two 
markers may be relatively sensitive as indicators of skeletal health during puberty. 
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Deoxypyridinium crosslink, Dpd, is found primarily in the mature type I collagen 
of bone. It is considered products of collagen maturation and is unaffected by the 
neosynthesis of collagen precursors (Eyre, 1984). During bone resorption, DPD is 
released from the bone matrix and eventually is excreted into urine immetabolized 
(Seibel，1992). Recent studies have shown that urinary Dpd was a sensitive and specific 
marker for bone resorption (Robins, 1994). Significantly high levels of Dpd were found 
in the urine of children (Shaw, 1995)，post menopausal women (Seibel, 1993) and 
patients with diseases that have high bone turnover rates (Spagnoli，1996). 
Conventionally, the pyridinium crosslinks are measured by high performance 
liquid chromatography (HPLC) of acid-hydrolyzed urine. Recently, immunoassays 
based on monoclonal antibody have been developed for free (Robin., 1994) and peptide-
boimd pyridinium crosslinks. (Hanson, 1992). The detection of free Dpd by 
immunoassay, like those used in the present study, became the well accepted 
methodology for measuring bone resorption since the FDA in U.S.A. approved a few 
ELISAs in 1994. 
In the present study, Dpd level in the control group demonstrated a significant 
dramatic decrease from 12 to 13 year old girls. The median BALP level at age of 13 
years (9.7 nmol/mmol Cr) is less than half of those at age of 12 years (18.2 nmol/mmol 
Cr). Then there was no significant change at age of 14 years. Rauch In 1996 explored 
the urinary immunoreactive Dpd in German children & adolescents and its variations 
with age, sex and growth velocity (Rauch, 1996). They reported that the Dpd level 
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remained constant until 13 years of age and then started to decline. Subjects under 13 
years of age no significant gender differences were found. In subjects over 13 years, the 
Dpd were significantly higher in boys than in girls. The age related profile of Dpd in 
Chinese has not been reported and this study only focuses on the age group from 12 to 
14. However, we have clearly demonstrated a different pattern from the western 
countries that the beginning of Dpd decline in girl of Hong Kong Chinese should be at 
age 12 or earlier. Although the establishment of Dpd profile in Hong Kong children and 
adolescents require further study, our result have already provided information on the 
normal range of Dpd for adolescents in Hong Kong. 
Our study also observed that the Dpd profile in the AIS of age 12 to 14 was 
significantly different from the normal control group. The median Dpd maintained in 
the level around 11 nmol/mmol Cr from 12 to 14 years old girls. Such abnormal bone 
resorption phenomena have not been reported before. 
There have evidences from other researchers showing that the biochemical 
markers of bone formation and bone resorption increase in parallel during puberty 
although not all markers increase to the same extent (Blumsohn, 1994). These 
differences may reflect the differences in bone specificity of the different markers, or 
differing mechanisms of production and clearance. However, bone turnover during 
puberty is responsible not only for bone growth and mineral accretion, but also for 
modeling of bone shape. Bone modeling involves resorption of bones at some surfaces 
and formation at others, and the imbalance between formation and resorption is 
therefore likely to be small compared to the overall rate of bone turnover. To our 
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understanding the bone resorption process is coupled with bone formation process. In 
the present study, evidence has been shown that during the pubertal age, there was a 
significant deviation between the bone formation and bone resorption activities in the 
AlS patients. It indicated that abnormal bone turnover might be involved in the 
pathogenesis of AlS. 
In age of 12, the bone forming activities of the AIS patients in terms of bALP 
levels are significantly lower (80%) than the age matched controls. On the other hand, 
the bone resorption activities of the AlS patients in terms of Dpd levels were also 
significantly lower (60%) than controls. It clearly indicated that the bone metabolic rate 
in AlS was maintained in an inactive level while there was apparently a 20% net bone 
formation ability in the AlS group compared the control group. However, the bone 
lengths in terms of arm span and lower extremity length or bone mineral density did not 
show any significant variations. 
In the group of age 13, the bALP activities of AIS patients dropped to the same 
level of age matched controls. Similarly, the Dpd level in AIS patients also dropped to 
the level of the control group. However, significant increases in bone lengths in terms of 
arm span and lower extremity length in the AlS group were recorded. It might be due to 
accumulative effect of the 20% higher apparent net bone formation ability in the AIS 
patient recorded in the previous year. 
In age 14, although the bALP level of the AIS group dropped significantly when 
compared with the previous year, the mean bALP activity of the control group even 
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dropped to a level significantly lower (70%) than those of the AIS group. The Dpd 
levels of both the AIS and control group were similar and maintained at the level of 
previous year. The bone lengths of the AIS patients were still longer than those of 
control subjects, but the difference was not statistical significant. It might be due to the 
greater variation within this age group. On the other hand, the areal bone mineral 
densities of the neck, greater trochanter as well as Ward's Triangle of proximal femur 
and the volumetric BMDs of distal tibia in the control group was significantly higher 
than the AIS group. Such reverse correlation between bALP and BMD was also 
reported by Krabbe in 1980. 
These inverse changes in the levels of bALP and the rates of mineralization 
appear contradictory since it is generally held that bone alkaline phosphatase, by its 
virtue of being a pyrophosphase, facilitates mineralization (Kaplan, 1972). This 
apparent contradiction may have its explanation in the changing bone cell dynamics. 
Thus rapid bone cell proliferation during rapid longitudinal growth may release large 
amounts of bALP to the systemic circulation. Following the growth spurt this 
contribution of endosteal bone cell turnover may decrease considerably at the same time 
as gonadal hormones stimulate the conversion of periosteal fibroblasts into osteoblasts 
which presumably contributes greatly to appositional bone growth and mineralization. 
Considering these concomitant changes, appositional mineralization can easily proceed 
despite a net decrease in serum alkaline phosphatase derived from both sources. 
In conclusion, the results on bone turnover markers of the AIS in the present 
study clearly demonstrated that the bone metabolism in these patient were abnormal. 
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Whether this is the primary or secondary cause of AIS requires further investigation. 
However, it is sure that exploring the bone metabolic change on bone turnover during 
AlS development would enable us to understand more on the etiology of AlS. 
4.4 Genetic marker -ER gene 
Generally believed that the etiology of AlS is multifactorial, and one of the 
pathogenic factors for AlS, which is commonly expected, is genetic component that 
masters how the spinal defonnity is acquired during the growth spurt. Extensive studies 
perfonned and tried to dig out the possible genetic factor in AIS patients. Some 
investigators perfonned that family history of the AIS is related to the prevalence of 
how possible the patients' relative or young sister to acquire this disease. (Clark, 1998; 
Inoue, 1998) Wynne-Davies (1968) established the familial nature of the idiopathic 
scoliosis. Carr (1990) investigated that AIS in identical twins and found the 
concordance rates in identical and non-identical twins that demonstrated the strength of 
the inherited component and the high rate of the identical pairs and the absence of 
concordance in the non-identical pairs supported-a genetic basis for AlS. Inoue (1998) 
showed for DNA fingerprints there were 15 monozygotic and 9 dizygotic pairs of twins. 
Concordance for idiopathic scoliosis among monozygotic twins was 93.3 %, while 
among dizygotic twins it was 55.6%. Monozygotic pairs tended to have greater 
similarity in severity of curvature than did other pairs. (Inoue, 1998) 
AlS predominantly affects females and thus it is unlikely that such local factors 
as alterations in vertebral growth plates, disturbances in vascularization of the vertebrae, 
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or spinal muscular imbalances are its source (Codomiu, 1958; Esteve，1958; Murdock, 
1 9 5 9 ) . The exact nature of the primary predisposing cause of idiopathic scoliosis is yet 
unknown (Weinsten, 1994). Some investigators believed that the prevalence of 
progression is due to gender predisposition, as the result of an X-linked dominant 
inheritance (Miller, 1998). But some believed the hereditary factor is belonging to 
apparently autosomal dominant trait (Wise, 1998). Some interested in the structural 
collagen genes as candidate genes for the basic defect in spine deformity (Miller，1996; 
Carr, 1992). Even more intensive investigation was performed on the DNA linkage of 
familial idiopathic scoliosis that allowed investigators to examine with the statistically 
analysis of segregation of the disease phenotype with a particular allele of a candidate 
gene (Carr, 1992). Segregation analysis of COLlAl , C0L1A2, C0L2A1, Fibrillin 1， 
Fibrillin 2, and NFl for 3 large pedigrees were widely undergone, however, none of 
candidate genes was found to be related to the AIS (Inoue, 1998). 
4.4.1 Osteoportic candidate gene- ER gene 
The phenomenon of generalized low BMD recognized in AIS patients aroused 
our attention that whether the candidate gene related to the low bone mineral density 
would that be the one of crucial factor of etiology of AIS. To address this question, there 
are several candidate genes considered as the osteoporotic genetic markers such as 
vitamin D receptor (VDR) gene and ER gene. Extensive researches performed on VDR 
gene polymorphism that would associate with low BMD statue. Morrison (1992) found 
a significant association between BMD at the lumbar spine and VDR genotypes in 
Caucasian twins (Tamai, 1997). Another literature found that the BMD at the lumbar 
spine in premenopausal healthy women was highly correlated with the VDR genotypes 
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(Welten, 1994). In the contrary, some investigators found VDR gene was no association 
with bone mineral density in different races such as Indian female twins (Hustmyer， 
1994)，postmenopausal Japanese women (Ongphiphadhanakul , 1998), postmenpausal 
African-American women (Zumda, 1997)，Caucasian women (Looney，1995) and 
prepubertal American girls of Mexican descent. (Saniz, 1997). To the present, VDR 
seemed to be no association with low BMD. ER gene was also extensively investigated. 
Although no association of ER gene with BMD was found in Korean postmenopausal 
women (Han, 1997), another literature stated there is association between ER gene and 
BMD in premenopausal but not in postmenopausal Thai females. 
(Ongphiphadhanadkul, 1998) Furthermore, Kobayashi (1996) demonstrated that RPLPs 
of intron 1 of ER gene strongly correlated to the z-score of BMD with particular 
genotype in the postmenopausal Japanese women. It is believed that estrogen receptor is 
primarily responsible for the growth hormone, estrogen during the most critical period 
starting from the growth spurt until postmenopausal stage. In additional to one 
interesting phenomenon of AIS, female is more susceptible to progression of curvature 
of AIS than male. In addition to the phenomenon of predominance of female in AIS, 
generalized low bone mineral profiles and abnormal growth pattern of girls with AIS 
would lead to investigate intron 1 of ER gene as a candidate gene for AIS. 
4.4.2 No correlation between ER gene and AIS 
However, in this study intron 1 of ER gene seems to have no evidences on the 
association with AIS. Nonetheless, extensive researches are still ongoing to elucidate 
the genetic components mastering pathogenesis of AIS. At least, this study can provide 
a piece of information on the etiology of AIS that there is no correlation between AIS 
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and ER gene. But, it would be suggested that genetic markers related to the growth 
hormones are worthwhile to further explore. 
4.5 Summary 
In present study, the findings showed that AIS had abnormal significantly longer 
extremities, particularly longer 讓 span and lower extremity. Bone growth disturbance, 
as indicated from the dramatic variations in bone turnover marker- bALP, as well as 
systemic low bone mineral status were found in AIS. These findings implied that 
longitudinal growth in AIS was somehow is different from normal. It is suggested that 
longitudinal endochondral growth is faster whereas the intra-membranous cross-
sectional growth is slower. However, further study is essential for explaining how the 
growth disturbance is associated with the phenomenon of generalized low bone mass 
acquisition in AIS. 
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5. Conclusions 
The present study has investigated the characteristics of skeletal growth and 
development of AIS patients aged 12 to 14 years and correlated with the bone mineral 
density profiles and bone tuniover. The conclusions of this study are as follows: . 
Anthropometric and pubertal characteristics: AIS girls have longer extremities (both 
ann span and length of lower limbs) than the age-matched controls, though the AIS girls 
are not significantly taller. Since the scoliosis deformity in these patients was not so 
severe as to affect the body height significantly, the result suggests abnormal body 
proportion in the AIS patients. The breast development and puberty maturity is also 
delayed in AIS patients when compared with that of normal controls. 
Bone mineral status: Both aBMD and vBlvID are lower in AIS patients suggesting a 
generalized osteopenia in AIS patients. The absence of any significant difference in 
BrvID between bilateral lower extremities ruled out the possibility that the low BMD is 
secondary to asymmetrical loading from the scoliotic deformity of the spine. 
Bone turnover: Physiological bone turnover markers indicated that the bone 
metabolism of AIS girls was significantly lower than normal control. The peak activity 
level of bone formation was also delayed in AIS girls. 
Estrogen receptor genetic marker: No associations between the polymorphism of 
estrogen receptor gene and AIS was found in this study. 
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Further investigations: The findings of this study has provided the important basis for 
further investigations on the relationship of the bone growth and development in AIS. 
Significantly longer arm span and lower extremity suggested that the longitudinal 
endochrondral growth is faster in AIS. Further study could address the question of how 
the abnormal bone turnover associated with the generalized low BMD in AIS. Moreover, 
longitudinal follow-up study could give another perspective to look at their relationships 
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